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Severe intrauterine growth retardation with
increased mitomycin C sensitivity: a further
chromosome breakage syndrome

C G Woods, M Leversha, J G Rogers

Abstract
We report an infant with pre- and postnatal
microcephaly and growth retardation, a

distinctive face, and developmental delay.
The initial diagnosis was of Seckel syn-
drome. He became pancytopenic at 16
months and died soon after. His bone mar-
row was of normal cellularity but had a

small lymphocyte infiltration. Increased
spontaneous chromosome breakage was

seen in blood and fibroblasts. Mitomycin
C induced chromosome damage was in-
creased and comparable to that seen in
Fanconi anaemia. Reports of similar
patients are reviewed. This entity ofsevere
intrauterine growth retardation and in-
creased mitomycin C sensitivity is hy-
pothesised to be a distinct chromosome
breakage syndrome.

(J Med Genet 1995;32:301-305)

The Murdoch Institute
for Research into
Birth Defects,
10th Floor, Royal
Children's Hospital,
Flemington Road,
Parkville 3052,
Australia
C G Woods
J G Rogers

Sanger Centre,
Hinxton Hall,
Hinxton, Cambridge
CB10 1RQ, UK
M Leversha

Correspondence to:
Dr Woods, Department of
Clinical Genetics, St James's
University Hospital, Beckett
Street, Leeds LS9 7TF, UK.

Received 11 October 1994
Revised version
accepted for publication
29 November 1994

Seckel syndrome is a rare autosomal recessive
phenotype of unknown aetiology and hetero-
geneity. The principal features are severe

pre- and postnatal growth retardation, severe

pre- and postnatal microcephaly, mental re-

tardation, and a characteristic face with a prom-
inent midface, lobeless ears, and a beaked,
apparently large, nose.' Cleft palate and elbow
anomalies are also reported to occur fre-
quently.2 The condition has probably been over

diagnosed and it is now thought likely that only
one of the two cases personally reported by
Seckel had the disorder.'34
Over 50 genes are known to be involved in

DNA repair in yeast.5 Given the considerable
homology with mammalian systems, at least
that number would be expected to exist in
man.6 The number of known human DNA
repair genes exceeds the number of known
phenotypes, for example, the "chromosome
breakage syndromes" such as ataxia tel-
angiectasia, Fanconi anaemia, and Bloom syn-

drome. Characteristic shared features of chro-
mosome breakage syndromes are small size at
birth and, thereafter, an increased incidence of
malignancies and pancytopenia and increased
spontaneous and induced chromosome dam-
age. These features are present in the child we
report and some previously documented cases

of possible Seckel syndrome. The absence of
specific features present in the known chro-
mosome breakage syndrome allows these to
be eliminated as possible diagnoses. This case

report supports the hypothesis that one of the

severe growth retardation phenotypes involves
a defect of DNA repair.

Case report
A male infant was born at 37 weeks of gestation
by vaginal delivery after an apparently un-
eventful pregnancy. He was the second child
of non-consanguineous parents. They had had
four previous first trimester miscarriages of
unknown cause and a healthy daughter. The
father (Yugoslavian) was 31 years old and the
mother (Albanian) was 26 years old at the time
ofbirth. Birth weight was 1500 g, length 40 cm,
and head circumference 26 cm (all well below
the 3rd centile). The Apgar scores were 9
at one minute and 10 at five minutes. On
examination there was obvious microcephaly
and growth retardation, micrognathia, sloping
forehead, and a prominent midface with a
slightly hooked nose (fig 1A and B). A pro-
visional diagnosis of Seckel syndrome was
made.
The following tests were normal: urinary

metabolic screen, serum phenylalanine, a
TORCH screen performed at 1 week of age,
and a skull x ray. A cerebral CT scan showed
very small ventricles but no other ab-
normalities. At 3 weeks of age a skeletal survey
showed osteopenia with thin, gracile long bones
but no abnormalities of the hand, hip, ribs,
radius, or ulnar bones.
At 5 months he had an episode of choking

and cyanosis owing to gastro-oesophageal re-
flux. At 9 months grand mal fits began which
were controlled with carbamazepine. Chro-
mosome analysis at 9 months showed an in-
creased level of spontaneous chromosome
breakage.
At the age of 16 months his weight was

4*45 kg, length 67 cm, and head circumference
34 cm (all well below the 3rd centile). He had
obvious microcephaly, apparent hypertelorism,
the midface and bridge of nose were promin-
ent, and the nose appeared beaked with a
hypoplastic columella. The ears had a simple
helical pattern with absence of the lobes. The
face showed little resemblance to Seckel syn-
drome (fig 1 C). The testes were undescended
and there was scrotal hypoplasia and glandular
hypospadias. Multiple small patches of hyper-
and hypopigmentation which were not dis-
tributed in the lines of Blaschko were seen
predominantly over the abdomen (fig ID). The
fingers were spindle shaped, the first toes were
cocked up and slightly laterally deviated, and
both ankles were plantar flexed. The child was
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Figure I (A) Face at 2 weeks. (B) Side view of head at 2 weeks. (C) Face at 16
months, showing little resemblance to Seckel syndrome. (D) Body at 16 months; sca

small hyper- and hypopigmented skin patches can be seen on the abdomen.

moderately spastic with flexion deformiti
the elbows and ankles. He could not sit wil
support and had a tuneless babbling v

isation with no discernible words or ui

standing.
He was admitted to hospital at 16 m

for investigation of bleeding from the f
and mouth, a petechial rash, and spontar
bruising. A full blood count showed
cytopenia, typical results being: Hb 8-3
MCV 65-4 fl, MCH 21-3 pg, MCHC 32-5
platelets 24 x 109/1, white cell count 5-1 x

with a differential showing occasional m
cytes, 1% metamyelocytes, 8% basophils
neutrophils, 57% leucocytes, 33% mono(

1% reactive lymphocytes, and no nucleate
blood cells. A provisional diagnosis of Fat
anaemia was made but this was excluded
normal bone marrow examination; bone 4
ity and fragment size, cellularity, and trails
normal, as were erythropoiesis, granulopc
megakaryocytes, and lymphocytes, and nc

plastic cells were identified. A poor di
input and an acute viral illness were th
to be contributing to pancytopenia. In vi

the poor prognosis with or without treatment
he was managed with supportive care and died
one week later, aged 17 months, with bilateral
bronchopneumonia.
At necropsy there were extensive areas of

consolidation in both lungs owing to focal
pneumonia, moderate bronchiectasis, and
bronchiolitis. The left ventricle showed mod-
erate endocardial fibroelastosis. Superficial ero-
sions were seen in the stomach. The thymus
was small and involuted. Bone marrow sampled
at multiple sites had focal lymphoid infiltration
but no hypoplasia. Lymph nodes had normal
architecture but only occasional germinal
centres. Lymph node sinuses contained large
plasmacytoid cells and some macrophages with
erythrophagocytosis. Other internal organs
showed no abnormalities. At the parents' re-

13 quest the central nervous system was not ex-
amined.

Cytogenetic investigation
Chromosome analysis was performed twice, at
9 months and 13 months, on PHA stimulated
blood lymphocytes and once at 16 months
on fibroblasts established from a skin biopsy.
Mitomycin C at a concentration of 0-1 .tg/ml
was added to fibroblast cultures for the 24 hours
before harvest. Both chromosome breakage and
sister chromatid exchanges (SCEs) were
scored. A fibroblast cell line from a child with
Fanconi anaemia was included for comparison
in the mitomycin C experiment. The SCE rate
was determined by the addition of BrdU to
cultures for the final 48 hours. To assess sensi-
tivity to ionising irradiation 25 rads of x rays

F were given six hours before harvest and chro-
matid and chromosome breaks scored. Stand-
ard cytogenetic methodologies were used.7

ttered Both fibroblasts and lymphocytes grew nor-

mally under standard culture conditions. The
karyotype was normal male, 46,XY, in lympho-
cytes and fibroblasts. The cytogenetic results
scoring SCEs, spontaneous and mitomycin C

ies of and x ray induced damage are summarised in
thout the table. Multiple spontaneous breaks and
rocal- non-homologous translocations were found in
nder- lymphocyte and fibroblast cultures. In the first

lymphocyte sample there were 8-4 breaks per
onths cell (12 cells being examined) and in the second
gums 1 8 breaks per cell (50 cells being examined),
ieous the laboratory norm being 0-2 breaks per cell.
pan- A number ofdifferent unbalanced and balanced
g/dl, translocations were also seen (fig 2). The only
g/dl, anomaly occurring in more than one cell was
1 09/l an inverted chromosome 14 in two of 50

Lyelo- lymphocytes. A very similar increase in mito-
,, 0% mycin C induced breakage was seen in our
cytes, case and Fanconi anaemia fibroblasts. The
d red spontaneous and mitomycin C induced SCEs
nconi were comparable to the normal control culture.
by a Ionising irradiation did not cause an increased
dens- chromosome or chromatid breakage rate (1-3
;were v 1-5 breaks per cell, p=0= 6) as compared to
)iesis, the control culture where an increase was seen
neo- (0-1 v 0-6 breaks per cell, p<0-001), the results
ietary in the patient being significantly different from
Dught those seen in the control (p<0-001, using 2 x 2
ew of analysis). The parents' karyotypes were normal
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and did not have an increased spontaneous
chromosome breakage rate.

Discussion
The patient described here fulfils the clinical
diagnostic criteria for a Seckel-like intrauterine
dwarfing condition.34 The facial features, the
severity of the microcephaly, and the growth
retardation distinguishes Seckel syndrome from
other disorders. Clinical, radiological, and cyto-
genetic findings eliminated other differential
diagnoses causing significant microcephaly and
growth retardation, such as Bloom syndrome,
Cockayne syndrome, chromosome abnor-
malities, Cornelia de Lange syndrome, Dubo-
witz syndrome, Seemanova syndrome, and
osteodysplastic primordial dwarfism types I, II,
and III.

Pancytopenia has been previously described in
children with probable Seckel syndrome. Cases
3 and 4 from Seckel's original paper are sibs with
birth weights of 1300 g with significant postnatal
growth retardation and moderate mental re-
tardation. Both had pancytopenia but did not
have the bird headed appearance.' Upjohn8 re-
ported a family ofsix children, five ofwhom were
dwarfed and three of these died of respiratory
infections. The birth weights were not given but
the oldest child, a male, had severe microcephaly
and growth retardation, recurrent respiratory in-
fections and bronchiectasis, and developed pan-
cytopenia which led to his death at the age of 12
years. His sister was of similar stature but at the
age of 9 was not anaemic. The illustrations in
the paper show a Seckel-like face. Butler et at
describes a female with a birth weight of 1360 g
with significant postnatal growth retardation and

Summary of cytogenetic investigations on fibroblasts

Control Case Fanconi anaemia

Untreated Treated Untreated Treated Untreated Treated

0-1 Ig/ml mitomycin C induced breakage
No of cells 50 50 45 10 38 9
Breaks per cell 0 1 1-8 0 7 6-9 0-5 5-7

25 rads x ray induced damage
No of cells scored 50 50 21 27
Breaks per cell 0.1 0-6 1-3 1-5
Chromatid breaks per cell 0 1 0-55 1 1 1

0-1 gig/ml mitomycin C induced sister
chromatid exchange
No of cells scored 58 27 23 24
SCEs per cell 10-5 21 11 21
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Figure 2 Lymphocytic chromosome preparation showing an increased level of chromosome and chromatid damage
(arrow heads).
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microcephaly, a Seckel-like face, and moderate
mental retardation. She developed pancytopenia
at the age of 8 years and died at the age of 12
years. Chromosomal analysis had shown a nor-
mal female karyotype, 46,XX, and a 10% chro-
mosome breakage rate which was significantly
higher than in controls. The second case de-
scribed by Butler et at was a male with a birth
weight of 1210 g who had frequent respiratory
infections in the first few years of life and tonic-
clonic seizures starting at 2 years. He had sig-
nificant postnatal growth retardation, severe mi-
crocephaly, mental retardation, bilateral iris colo-
bomas, a left cataract, cryptorchidism, and a right
phrenic nerve paralysis. The spontaneous chro-
mosome breakage rate was not stated but there
was an approximately three fold increase in ab-
errations seen after treatment with mitomycin C
and a probable increased rate of sister chromatid
exchange. Esperou-Bourdeau et al'0 reported two
patients with some features of Seckel syndrome,
severe growth retardation and microcephaly, a
Seckel-like facies, and mental deficiency; the first
was a female who became pancytopenic at 15
years of age, had a hypoplastic bone marrow, in-
creased spontaneous chromosome breakage, and
was successfully treated with bone marrow trans-
plantation; the second was a male who had a pel-
vic kidney and bilateral (undefined) thumb
anomalies but a normal karyotype and response
to alkylating agents (making Fanconi anaemia an
unlikely diagnosis), who developedpancytopenia
at the age of 10 years.

Lilleyman" described two sisters with a
Seckel-like face with birth weights of 1700 and
2200 g and head circumferences of 27-5 and
30 cm. Both showed severe postnatal growth
retardation and microcephaly and were of nor-
mal intelligence. Sib 1 developed pancytopenia
at the age of 5 years and died at the age of 7
weighing 10 kg with a height of 95 cm. Her
sister had an accessory right thumb and de-
veloped pancytopenia at the age of 41 years.
Both had a hypoplastic bone marrow but nor-
mal female karyotypes. The cases described by
Lilleyman' are more likely to have had Fanconi
anaemia than Seckel syndrome as the birth
weight is greater than expected in Seckel syn-
drome and intelligence was normal. The ac-
cessory thumb is a radial ray anomaly, and such
findings are frequent in Fanconi anaemia but
has not been previously reported in Seckel
syndrome.
There are now at least seven reported cases

of Seckel-like intrauterine growth retardation
with pancytopenia'89 and it is therefore likely
that the association is real. In Seckel syndrome
increased chromosome breakage has been re-
ported only when pancytopenia has occurred.
This syndrome seems distinct from other
causes ofpancytopenia, Fanconi anaemia, non-
genetic causes, theWT syndrome, and possibly
Dubowitz syndrome.12 Fanconi anaemia often
causes pre- and postnatal growth retardation
and microcephaly but not to the same degree
as seen in this case or in Seckel syndrome. Also
significant mental retardation and spasticity
have not been reported in Fanconi anaemia
and congenital anomalies are frequent." We
are unsure of the cause of the pancytopenia

seen in the presented case. It may have been
secondary to an undiagnosed lymphoreticular
malignancy. In similar cases ofSeckel syndrome
with pancytopenia the marrow histology has
not been reported.
Lymphocyte and fibroblast cultures from our

patient showed a high spontaneous rate ofchro-
mosome breakage and non-homologous trans-
locations. Fibroblasts exhibited an increased
sensitivity to mitomycin C that was comparable
to a Fanconi anaemia fibroblast line, a normal
spontaneous and induced rate of sister chro-
matid exchange, and a relative resistance to x
ray induced damage in the last six hours of
culture. Increased spontaneous and induced
chromosome breakage has been described in a
number of syndromes caused by disorders of
DNA repair and replication. The coincidence
of finding increased chromosome breakage in
our case and that described by Butler et al' and
Esperou-Bourdeau et al'0 makes it likely that
this will be a marker of this syndrome.
Chromosome breakage has only previously

been specifically sought in one other sib pair
with Seckel syndrome. No increased spon-
taneous breakage was found and the sister
chromatid exchange rates were normal."' We
found no evidence ofincreased sister chromatid
exchange although this was found by Butler et
al.9 A 26 year old female with "Seckel syn-
drome" and acute myeloid leukaemia has been
reported.'5 She responded poorly to cytotoxic
therapy, and although chromosome breakage
studies were not performed she may also have
had "severe intrauterine growth retardation
with increased mytomycin-C sensitivity".

Fanconi anaemia is the only previously de-
scribed human condition exhibiting increased
mitomycin C sensitivity. At least four different
genotypes are suggested by cell comple-
mentation studies, A, B, C, and D. The gene
for group C has been cloned but shows no
recognisable homology to other genes or pro-
teins.16 At least 15 distinct non-complementing
laboratory generated mitomycin C sensitive cell
lines have been described, only one of which
may be homologous to Fanconi anaemia.'7 It
is probable that the condition described here
is a second mitomycin C sensitivity phenotype
and is caused by a mutation in one of the genes
involved in cross linked DNA strand repair.
As Seckel syndrome may be heterogeneous,

we prefer to call this condition "severe intra-
uterine growth retardation with increased mito-
mycin C sensitivity". The distinguishing
features of this intrauterine growth retardation
syndrome are a specific facies together with
spontaneous chromosome breakage, increased
mitomycin C sensitivity, and later onset pan-
cytopenia. Although the mode of inheritance,
and hence recurrence risk, is unclear, prenatal
diagnosis may be possible by assessing chro-
mosome breakage. The fibroblast cell line MI-
C445 is available from the Murdoch Institute
for comparison with defined DNA repair dis-
orders.
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